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Summary 

For substantiation of the recently certified medium range Airbus A330 and long range A340 the full scile 
mjgue tests are in progress. The airframe structures of both aircraft types are tested by one set of A340 speci- 

The development of the fatigue test spectra for the two major test specimens which are the center fuselage 

of fliTi 8 tCSt 3 H d th ? 1631 fuselage test is descri bed. The applied test load spectra allow a realistic simulation 
ght, ground and pressurization loads and the finalization of the tests within the predefined test period. 

fi-rrr^ inS detailS abOUt the lg and incremenlal fli ght and ground loads and the establishment of the 
^nH^;? g r te n St the definition of flight *Pes> distribution of loads within theStfand 

domination of flight types in repeated blocks. Special attention is given to procedures applied for accelen 
non of the tests, e.g. omission of lower spectrum loads and a genera" 



Fig. 1 Airbus aircraft. 
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1. Introduction 

The newest Airbus products, the medium range A330 and the long range A340 have been certified in 1992 
and 1993, respectively. The structure of both aircraft types is very similar (Fig. 1). However, the A340 is 
equipped with 4 engines with a maximum thrust of 130.000 lbs and the A330 with 2 engines with a maximum 
thrust of 136.000 lbs. Furthermore the A340 contains a center undercarriage in addition. With respect to this 
similarity both aircraft types are justified by one set of specimens using the A340— 300 structure for the multi- 
section full scale fatigue test. Four major specimens are tested which are the forward fuselage, the center fuse- 
lage and wing, the rear fuselage and the horizontal tailplane. 

The development of the load spectra for the two major tests, i.e. center fuselage and wing test and rear fuselage 
test, is described. These load spectra allow a realistic simulation of all flight, ground and pressurization loads 
to achieve the most accurate prediction of the fatigue and damage tolerance behavior. The major differences 
between A330 and A340 regarding design service goals, mission profiles and resulting external loads are con- 
sidered. 

2. Operational Conditions and Representation 

All Airbus aircraft are designed for an in-service life of more than 20 years. With respect to earlier Airbus 
experience and the customers’ requirements typical A330 and A340 mission profiles have been defined which 
were the basis for type certification and have been used for test load spectra definition, see Fig. 2. The typical 
A330 mission contains an average block time of 90 min. and an operation altitude of 35.000 ft. For A340 two 
typical mission profiles are defined, i.e. a short range mission with 75 min./35.000 ft and a medium range 
mission with 405 min./39.000 ft. With respect to the planned service time of more than 20 years the design 
service goals are 40 000 flights for the A330 and 20 000 flights for the A340; the latter figure consists of 
10 000 short range plus 10 000 medium range flights. 

Since the real operation may deviate from the typical mission profiles the fatigue and damage tolerance behav- 
ior of additional mission profiles will be evaluated to allow an adaptation of the structural inspection program. 
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Fig. 2 Mission profiles. 


The mission profiles have been divided in more than 30 flight stages for which all relevant flight and ground 
loads and the corresponding internal pressure have been determined, see. Fig. 3. The splitting of the structure 
in more than one test specimen allows an optimized representation of the operational loads by consideration 
of their effect on the fatigue and damage tolerance behavior. Insignificant load cases are deleted for one or 
the other test specimen which saves test time for the exact representation of the significant load cases. 


684 





represeiLttonS 

sssnr for the rc “ fus ^ — ~ «o 


This approach has been used for all previous Airbus full 
by the in-service experience. 


s °ale fatigue tests and the correctness is confirmed 


operational 
basic condition 

loading 

component 

centre fuselage / wing 

rear fuselage 

representation 

standing 

X 

X 

steady case 

taxl-out 

X 

X 

two cycles per (light 

preflight braking 

X 

- 

one cycle per (light 

ground turning 

X 

j 

two cycles per (light 

take-olf run 

| X 

X 

two cycles per (light 

rota 

tion 

X 

X 

| steady case 

initial climb 
climb 
cruise i 
cruise II 
initial descent 
descent 
approach 

vertical gust 

X 

X 

stepped spectra 

vertical manoeuvre 

- 

X 

stepped spectra 

lateral gust 

- 

X 

stepped spectra 

lateral manoeuvre 

- 

X 

stepped spectra 

Ap 

X 

X 

stepped spectra 

temperature loads 

- 

X 

stepped spectra 

touch down 

X, 

X 

one cycle per (light 

landing roll 

X ~l 

X 

two cycles per (light 

braking 

X 

- 

one cycle per (light 

ground turning 

X 

- 

two cycles per flight 

taxi-in j 

X 

X 

two cycles per (light 


Fig. 3 Application and representation of operational condition. 


3 , Development of Toad Spectra for Center Fus e lage and Wing T^f 

The center fuselage and wing specimen EF2 is identical to the A340-300 and contains 31 m of the fuselage 

^ OUter . wings 1 without mov ^le surfaces; see Fig. 4. All attachments to mov- 
able surfaces, undercarriages, pylons and winglets are original structures. Pylons undercarriages and winaietc 
are dummies for load introduction puiposes. The specimen is supported 
dummy steel bulkheads and is loaded by 92 hydraulic jacks and internal pressure 



Fig. 4 Full scale fatigue test EF2 ’’center fuselage and wing”. 





The goal of the EF2 test is the simulation of 80 000 test flights considering the increase of all test loads by 
10 percent and the simulation of A340 loads in phase I and A330 loads in phase II; see Fig. 5. The design 
service goal of the A340 is verified after reaching 40 000 test flights, whereby the A330 service goal needs 
a demonstration of 80 000 test flights. The insertion of artificial damages is scheduled latest at 1.5 times of 
the design service goals. 

The reason for increasing all test loads by 10 percent is to save test time Which is mainly influenced by the 
high deflection of the outer wings. An increase of test loads leads to a decrease of the number of flights to 
be simulated. 
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Fig. 5 Test phases and sequence of blocks. 


3.1 Flight Load Spectra Representation 

Each typical mission profile includes more than 30 flight stages; see Fig. 6. For representative fuselage and 
wing sections the lg load time histories are plotted and up to nine representative test flight segments are se- 
lected for simplification of the load spectra. The selection considers four criteria: 

• maintaining maximum original lg variation 

• maintaining maximum original lg wing and fuselage bending moments 

• representing original flap and slat conditions 

• representing the cruise flight stage in a separate segment 

The simplification described above leads to an adequate representation of the lg variation which is important 
for the correct fatigue damage in test. 



Fig. 6 Representation of lg- condition. 
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For each of the segments vertical gust load spectra are calculated. Instead of using ESDU 69023 as done for 
previous tests the vertical gust load spectra are based on the data presented in the AGARD report No 605 

re^i^NI^ATsr-^OS « m ta was foc 1 uss ? d on the hi 8 h l ™ls of gust velocity and presented in the CAA 
P, I 1 NPA25C ^°, 5, Sl * lce the equation leads to a single slope curve which gives an insufficient agreement 
with the measured dam for low gust velocities, a second slope has been introduced by Airbus Industrie in the 
gust statistical data. The gust modeling used for A330/A340 gust spectra is described by the following equa- 


- B Mq 

rv 0 = A x e K ° x K 1 


rv 0 : number of exceedences of gust velocity po (ft/s) per nautical mile 

Mo : gust velocity in ft/s EAS 

A,B : function of altitude different for p 0 < 10 ft/s EAS and po > 10 ft/s EAS 

Ko : factor 1.00 for vertical gust 

1.15 for lateral gust 

K i • ratio of upgust or downgust to total gusts (function of altitude) where 
Kj up + Ki down = 1.0. 


7 i TT? n of the e 5 u ation given above leads to the vertical gust spectra for the wing rib 10 shown in Fig 

7 LH side. The spectra include the lg loads which are defined for the segments. The RH side of Fig. 7 shows 
the ground air-ground spectra (GAG) which were developed using the method of ESDU 79024. 


Bending moment at wing reference station near inner pylon 



Fig. 7 Total vertical gust spectra and ground air ground spectra (GAG). 


687 




The simulation of the GAG spectrum is applied during the cruise stage, since the gust loads with the highest 
load levels occur during the cruise stage. However, this type of application is conservative for the pressurized 
fuselage. The simulation of the GAG spectrum during cruise has to be considered by a reduction of the seg- 
ment spectra as described in Fig. 8. 



For the different load levels x* the number of cycles for the residual gust spectrum n se g. res .,xi has to be 
calculated as follows: 


n seg.res.,xi = n S eg.,xl ~ * "GAG.xl 


Fig. 8 Determination of residual gust spectra. 

The load spectra for the individual segments and for the GAG spectrum are stepped into six to nine load levels 
and distributed to eight basic flight types, i.e. A to H. These flight types occur with different frequencies in 
repeated blocks of 2.000 flights (A340 SR and MR) and 4.000 flights (A330 SR), and are supposed to repre- 
sent different weather conditions. 

An example for the described procedure is shown in Fig. 9 which represents the total gust spectrum, the result- 
ing GAG, the original gust spectrum for cruise and the residual gust spectrum for cruise. 


Bending moment at wing reference station near Inner pylon 
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The matrix of Fig. 10 shows the simulation of the GAG spectrum and the load cycles for the residual spectrum 
This procedure of stepping and representation has been applied to all segments for the three mission profiles.’ 
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Fig. 10 Loads matrix, ground air ground spectrum (GAG) 
(example for A330 short range mission). 


3.2 Definition of Truncation and Omission 

The test spectrum definition includes the consideration of truncation (high load clipping) and omission (low 
load capping), see Fig. 1 1 . The truncation level has a significant impact on fatigue crack initiation and on crack 
growth. Different methods exist for definition of the truncation level which lead to different test results espe- 
cially for wing structure. The method applied to the EF2 spectra is a statistical approach. The defined trunca- 
tion level will be reached or exceeded by 99 percent of the in-service aircraft within an inspection interval, 
i.e. from a statistical point of view only one percent of the in-service aircraft may crack earlier than the test 
specimen and show a faster crack growth. According to this procedure the maximum test load is 79 percent 
or tne load occurring once per inspection interval. 


• level is set to 79 percent of the incremental loads 
level, which occurs once per an inspection interval: 
-» A330; 8.000 flights, 

-> A340: 4.500 flights, 

• value represents the 99 percent confidence level 
that this load will be exceeded by the aircraft fleet 
within the interval. 


Bending moment at wing reference station 



Fig. 11 Truncation level. 
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The determination of the omission level is described in Fig. 12. Mahy investigations have shown the impor- 
tance of a low omission level to achieve representative Crack growth results. Since this is important for both, 
natural and artificial damages, this aspect has been considered from the beginning of the test. Based on the 
comparative coupon tests for the A320 (Ref. /!/) the omission was set to 11 to 12 MPa for a representative 
bottom wing station which results in 26 to 33 gust cycles per flight depending on the aircraft type and mission. 

• determination of the omission level to realize gust Bending moment at wing reference station 

distribution by steps but with a minimum error in 
fatigue life and crack propagation: 

- test phase I with A340 loads and in average 
26 gust cycles + 1 GAG cycle per flight, 

- test phase II with A330 loads and in average 
25 gust cycles + 1 GAG cycle per flight, 

• stress level of about 11 MPa in wing panels. 

A34QMR: 

32+1 gust cycles/flight: (32+1) x 10.000 - 330.000 cycled 

A340SR : 

20+1 gust cycles/flight: (20+1) x 10.000 *= 210.000 cycles 

A33QSR: 

25+1 gust cycles/flight: (25+1) x 40.000 * 1.040.000 cycles 

Fig. 12 



Omission level. 


3.3 Ground Load Spectra Representation 

The full scale fatigue test considers a total of seven different 1 g conditions on ground, i.e. four before and three 
after the airborne time. The basic lg loads are superimposed by incremental loads due to taxi, turning, rotation, 
braking and touch down, where the load distribution for taxi and turning are based on the ESDU data sheets 
75008. 

Fig. 13 contains the load spectrum for touch down which was already used for all previous Airbus full scale 
fatigue tests. The touch down loads are simulated by three loading steps representing sinking speeds of 2.0, 
3.5 and 6.0 ft/s. The three step spectrum is based on an equivalent damage approach. Fig. 13 also shows the 
braking spectrum which is based on earlier Airbus A300 measurements and simulated by a two step spectrum 
with decelerations of 0.2 g and 0.3 g. 


A340 Landing Impact Spectrum 
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Fig. 13 Landing and braking spectrum. 
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Fig. 14 Combination of ground and flight load cases. 


3.4 Definition of Loading Sequence 


plication ofStadl Ticca'S pressure is simulated during ap- 
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The definition of the loading sequence contains three aspects, i.e. definition of flight types, definition of the 
sequence of the flight types in a given block and the sequence of the blocks. 


Fig. 16 contains the load time histories for the most severe flight type AZ and the smoothest flight type HZ 
for the A340 medium range. The main distribution of loads is pre-defined by the load spectra for the represen- 
tative segments and the described combination between flight and ground loads. The load distribution within 
the segments is randomized with some limitations as no half cycle representation,- an upgust is followed by 
a downgust, an upward taxi bump is followed by a downward taxi bump. 


A340-300, medium range (405 min.) 
rear fuselage station 


load time history of flight type AZ 


load time history of flight type HZ 



000 ' OOUO 1 ilioo ' llioo ' Jidoo ' ' S40 00 ' fijJoO ' T3<5.00 llAoO ' 90(5.00 ‘ 90&00 

load case sequence 



Fig. 16 Load sequence in test flights. 


Fig. 17 contains the distribution of the A330 short range flight types within a block of 4.000 flights which 
is repeated 10 times within test phase II. The more severe flight types AZ to DZ are positioned by an equal 
space distribution whereby the other flight types are randomly distributed. During test phase I 20 blocks will 
be applied containing A340 loads and afterwards during test phase II 10 blocks of A330 loads. 


AZ— , 
BY — 
BZ — 
CX — 
CY — 
CZ- 
DX — 



Fig. 17 Block sequence. 
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3.5 Interpretation of Test Results 


loLrclm 0n< f, sp u‘ :clme "' s usc , d to the A34 ° a " d A330 and all test loads are increased by 

, S “" S have 10 h® evaluated carefully. The test results have to be recalculated to define the 
eT 3 4 ^ growth periods for the three aircraft types certified up lo now! 

hw o w- ’ A f 4( f 300 and j A3 30-300. The re-evaluation of the fatigue crack initiation is normally carried 

ut by a Miner calculation and the periods between damage detection and repair by crack growth calculations 
or Miner calculation (risk analysis for parts not inspectable for less than load path failure). 

of ll!5* l0ad inCr T Se be det L en ™ ned b y the relevant SN curve for the structural detail. The 

s pe of the SN curve x is dependent on the loading environment (load level, spectrum shape etc ) and eeome- 

spectnTis srearer Sn°3 P r ^ stresses **•>■ In general x for constant amplitude tests and TWIST 

P s grater than 3, therefore a load increase of 10 percent results in a justified fatigue life of at least 

icantly^earer ^ of the structural details x or the exponent n of the Forman equation is* signif- 

g f than 3 ’ so that an tndividual re-evaluation leads to more than 1.25 times of the test life The 

C ± Uay “ !!! eVant * ° r “f n !° be applicd needs " ot be ™y high, since a variaiion of .he exponem 
of ± 0.5 results m approximately ± 5 percent on life for a 10 percent load increase. 

£ Development of Load S pectra for Rear Fuselage Test 

Jnif l3ge SP f EF3 COntalnS 21 m of the rear fusela g e structure up to the attachment of the rear 

P-° f he ho 7J zontal tail P Iane; . see Fl g- 18 - Th e horizontal tailplane and the APU compartment are replaced 

aLrhf tt° nS ^ L 0n ? f0 r ° ad lntroductlon Purposes. The vertical tailplane loads are applied to the fuselage 
attach fittings by hydraulic jacks, because the CFRP vertical tailplane is tested separately The specimenls 
supported by a steel construction at the forward end. y specimen is 



Fig. 18 Full scale fatigue test EF3 ’’rear fuselage”. 

In , contrast 10 the EF2 specimen the goal of the EF3 test is > 100 000 flights, since no load increase factor of 

sidled noVmte ™ “ 25 lifcdm< * ^onld be justified. The application of a load increase was con- 

sidered not to be necessary, since the test speed is similar to previous Airbus tests. 

Jsn 8 nmn th c e 0 U *A°, n i§ Very common to the EF2 test; i.e. A340 loads will be applied during phase I 

(5° °°0 flights) and A330 loads during phase II (> 50 000 flights). The following sub^chapters contain the 
major differences between EF2 and EF3 tests. Similar details are not addressed again. 
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4.1 Test Loading 

Fig. 19 includes an overview about the EF3 test loading. This table shows that the EF3 is loaded additionally 
by lateral gusts and lateral and vertical manoeuvre as well as by temperature loads at the fuselage pick-up 
points to the CFRP vertical tailplane. 
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Fig. 19 Test loading. 

The lateral gust spectra which are important for the fuselage attachment area to vertical tailplane are based 
on the same statistics as the vertical gusts as described in chapter 3.1. The difference between vertical and 
lateral frequencies is considered by the factor K 0 . Fig. 20 shows an example of a lateral gust spectrum for 
cruise. 

The GAG spectrum is included due to the definition of the different flight types. The application of the defini- 
tion according to ESDU 79024 is not considered, since this information is mainly valid for the wing. 

The vertical and lateral manoeuvres are important for the unpressurized fuselage and the fuselage attachment 
areas to horizontal and vertical tailplanes. The manoeuvre spectra are calculated using the following equation: 

log N(y) = log Pl/Lx Y + log (Mp x Dp x Np) 

where N(y>: load frequency exceeding load Y, sum of load cycles with 

a loading higher than value Y 
Pl: probability of occurrence of limit load per load cycle 

normal flights crew training flights 
vertical manoeuvre 1.0 x 10 -1 ^ 7.0 x 10~ 6 

lateral manoeuvre 1.0 x 10 -5 7.0 x 10~ 3 

L : limit load 

Y : loading 

Mp : manoeuvre frequency in relation to flight distance (for normal and crew 

training flights) 

Dp : flight distance 

Np : number of normal of crew training flights in one aircraft design goal. 
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Lateral Gust 

A330-300. shod range (90 min.) 
rear fuselage station 



Fig. 20 Lateral gust. 


The ratio between crew training and normal flights 
vertical manoeuvre spectra. 


is set to 1:50. Fig. 21 shows examples of the 


lateral and 


Vertical Manoeuvre 


Lateral Manoeuvre 


A330-3Q0, short range (90 min.), 
rear fuselage slation, 

"cruise' spectrum 


A 330-300, short range (90 min ), 
rear fuselage station. 

"cruise" spectrum 



Fig. 21 Vertical and lateral manoeuvre. 


The application of the ground loads at the EF3 is similar to the EF2 
deleted due to their insignificance for the rear fuselage. 


except turning and 


braking which are 
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Due to the existence of a CFRP vertical tailplane temperature x-loads result from the different thermal expan- 
sions of the Al-fuselage and the CFRP tailplane. Therefore it is not possible to test the fuselage and the vertical 
tailplane structure in one specimen. Seven different temperature profiles are defined to consider the various 
missions as shown in Fig. 22. 


”C standard flight profile 
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Fig. 22 Temperature loads. 

4.2 Definition of Flight Types and Loading Sequence 


For each of the three mission profiles 12 different basic flight types are defined, i.e. eight for normal operation 
and four for crew training flights. These basic flight types are combined with the different ground load types 
similar to EF2 and temperature load profiles. In addition the airbrakes extension is simulated in 50 percent 
of the flights with 50 percent full and 50 percent half angle airbrake extension. Fig. 23 shows the combination 
of basic flight types with taxi and touch down loading types resulting in 29 flight types for A330 and 27 flight 
types for A340 which are combined further with the seven temperature profiles and the different airbrakes 
conditions. 

The methods for definition of the loading sequence within the flights and the sequence of the flight types 
within a block are similar to the EF2 test program. 
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Fig. 23 Definition of flight types 





696 





5. Conclusion 


“»< *«" for 

aged changes of regulations and advisory circulars should allow sSSStaSe e " V ' S ' 
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